INTRODUCTION {#sec1-1}
============

Diphtheria once known as "the straggling angel of children" is a major preventable disease of childhood with high morbidity and mortality. Although it is no longer a public health problem in the developed nations, it continues to be reported from developing world.\[[@ref1]--[@ref4]\] The toxin mediated disease affects multiple systems and cardiovascular involvement is a major contributor to the mortality varying from 50% to 75%.\[[@ref5][@ref6]\] Cardiac manifestations include myocardial dysfunction as well as bradyarrhythmias and tachyarrhythmias; although the most feared one is complete heart block (CHB) with almost all cases being fatal despite ventricular pacing.\[[@ref7]\] There is scant literature available on this dreaded complication. Herein, we report six patients of diphtheria who presented to a tertiary care centre in India with CHB. Three representative cases are presented in detail.

Case 1 {#sec2-1}
------

A 10-year-old boy had presented with history of fever of 10 days duration along with progressive swelling of neck. Three days prior to admission he also developed difficulty in swallowing with nasal regurgitation of food associated with progressive dyspnea and orthopnea. There was no reliable history of adequate immunization against diphtheria. On examination his pulse rate was 42 beats per minute, regular, low volume with blood pressure of 86/64 mmHg, and there was bilateral cervical lymphadenopathy. His clinical assessment revealed a membrane over right tonsil and posterior pharyngeal wall with features of bulbar palsy as well. Electrocardiogram (ECG) showed CHB with a ventricular escape rate of 40. A temporary transvenous pacemaker was inserted immediately in view of the low heart rate. An emergency echocardiogram showed global hypokinesia with left ventricular ejection fraction (LVEF) of 15%. His investigations showed raised white blood cell (WBC) count of 38100/mm^3^ with neutrophilic preponderance as well as elevated renal parameters. Although his throat swab cultures and blood cultures were sterile, a provisional diagnosis of bulbar diphtheria with myocarditis was made and he was started on intravenous erythromycin and crystalline penicillin along with diphtheria antiserum. Although he was afebrile throughout the hospital stay, he continued to be in CHB and developed progressive hypotension, which was treated with inotrops. He sustained a ventricular tachycardia (VT) on day six of admission, which was refractory, and he expired on the same day due to progressive cardiogenic shock.

Case 2 {#sec2-2}
------

The second patient was an 8-year-old boy who presented with complaints of fever and cough of 10 days duration along with progressive neck swelling. He developed bulbar symptoms including nasal regurgitation of food and nasal twang after six days into the illness. Since the onset of neurological symptoms he was admitted in a tertiary pediatric hospital with a provisional diagnosis of diphtheria based on presence of extensive membrane formation in both tonsils and pharynx. Treatment given to him included penicillin, erythromycin, and diphtheria antitoxin although no positive culture reports were available. On the tenth day of illness he developed significant bradycardia and was referred to our center as a suspected case of diphtheria myocarditis. Clinical examination revealed cervical lymphadenopathy, features of bulbar palsy and generalized diminished tendon reflexes in addition to bradycardia. ECG showed CHB with a ventricular escape rate of 40 beats per minute; hence a temporary pacemaker was inserted immediately. He had severe biventricular dysfunction (LVEF = 20%) and moderate mitral regurgitation (MR) and tricuspid regurgitation (TR) by echocardiography. After admission he was continued on antibiotics and antiserum and other supportive measures. His blood work up was unremarkable except for mild leukocytosis. During the hospital stay he had two episodes of accelerated junctional rhythm lasting few minutes and subsided on its own. On day six of admission his ECG reverted to normal sinus rhythm after an intermediate few hours of atrial flutter with variable conduction. He continued to have a favorable course in hospital with LVEF showing remarkable improvement to 50% along with improvement in neurological symptoms and hence was discharged after 22 days of hospital stay.

Case 3 {#sec2-3}
------

A 5-year-old boy was referred to our outpatient clinic as a case of CHB. Forty days prior, he was admitted in a pediatric tertiary hospital with fever and neck swelling of seven days duration followed by bulbar symptoms, cranial nerve palsies, and respiratory difficulty. His ECG done was unremarkable except for sinus tachycardia although no echocardiography was done during the acute stage. He was diagnosed as a case of bulbar diphtheria and was given antiserum as well as antibiotics and other supportive measures. He required intubation and ventilator support for 15 days. Meanwhile his throat swab culture grew Corynebacterium diphtheriae thus confirming the diagnosis. Over the next month he showed significant improvement, but noted to have relatively slow heart rate while in hospital. A repeat ECG done revealed CHB with ventricular rate of 62 beats per minute and had narrow QRS escape \[[Figure 1](#F1){ref-type="fig"}\]. As his neurological recovery was near complete he was discharged and referred to our center. An echo done then revealed mild left ventricle (LV) dysfunction with LVEF of 50% while ECG showed persistence of CHB. Hoping for recovery, it was decided to keep child on close medical follow-up as the he was asymptomatic. But even after five months, he continued to be in CHB and hence a pacemaker implantation was advised. This was not agreeable to the parents and he was lost to follow-up subsequently. The baseline features and investigation findings in the patients are summarized in Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}.

![Complete heart block persisting nearly a month after recovery from proven diphtheria myocarditis in a 5-year-old child](APC-6-34-g001){#F1}

###### 

Baseline features of the six patients
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###### 

Clinical features and basic investigation results of the six patients
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###### 

Echo and ECG findings of the six patients
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DISCUSSION {#sec1-2}
==========

Diphtheritic myocarditis occurs in 10-20% of patients presenting with oropharyngitis.\[[@ref8]\] Relatively recent Indian series on diphtheria report a 16-66% occurrence of myocarditis;\[[@ref6][@ref9]\] the wide variation is probably related to the type of set up whether primary or tertiary care and the method used to diagnose myocarditis. Diphtheritic myocarditis is associated with a mortality rate of 60-70%, and is the most common cause of death in diphtheria.\[[@ref6]\] Myocarditis is reported to be the only independent predictor of death with an adjusted Odds ratio (OR) 25, (95% confidence interval (CI) 3.4-210.3).\[[@ref6]\] Severe conduction abnormalities including CHB develops in approximately 50% of patients with diphtheria myocarditis and is considered to be uniformly fatal.\[[@ref7][@ref8][@ref10]\]

Conduction system involvement in diphtheria is shown to be due to acute inflammation of sinoatrial and atrioventricular nodes leading to even their disruption in fatal cases.\[[@ref11]\] Toxin mediated inhibition of protein synthesis is the essential mechanism for all systemic manifestations in diphtheria. Diphtheria toxin is directly cardiotoxic and it causes DNA fragmentation and cytolysis by inhibiting the elongation factor-2 activity in protein synthesis.\[[@ref12]\] The myocardium apart from interstitial inflammation shows hyaline degeneration and necrosis. Conduction tissue is also affected.\[[@ref13]\] In this context, it is difficult to explain the recent reports of occurrence of myocarditis by nontoxigenic strains of C. diphtheriae.\[[@ref14]\]

Data regarding CHB associated with myocarditis including those due to diphtheria is limited in recent literature. Conduction system disturbances in patients with diphtherial myocarditis are markers of severe myocardial damage and are uniformly fatal despite ventricular pacing.\[[@ref7]\] However, in our series, three of the six patients survived with proper supportive measures including airway management and temporary pacemaker insertion. This better survival may be due to the improvement in supportive measures provided over the years. A recent study from Vietnam also reports similar findings with 27% survival rate in patients who underwent cardiac pacing.\[[@ref15]\] In that study, 7 (26%) of the 27 patients who received a temporary cardiac pacemaker survived, compared with 0 of the 16 patients who did not receive a cardiac pacemaker.

Diphtheria myocarditis can result in long-term CHB as seen in case number three in our series. This is not intuitively obvious as all manifestations of diphtheria including cardiac function recover with no residual effect. However, recent studies have documented a variety of nonsustained bradyarrhythmias and tachyarrhythmias occurring even after discharge from the hospital. The time course of recovery from diphtheritic myocarditis is longer than has been appreciated previously.\[[@ref16]\] Left bundle branch block (LBBB) is also recognized as an independent predictor of long-term survival in diphtheritic myocarditis.\[[@ref17]\] However, long-term CHB seems rare as literature search revealed only two case reports\[[@ref18][@ref19]\] of diphtheria myocarditis in preimmunization era, which resulted in long-term CHB.

All patients who developed cardiogenic shock and secondary ventricular arrhythmias died. VT occurs in the later stages of illness and is usually refractory and all the patients who developed this arrhythmia in our series expired. Although junctional rhythm and supraventricular arrhythmias including atrial flutter was seen in three patients these complications were not uniformly fatal unlike the case with VT. Elevated renal and liver function tests probably denotes an advanced stage of illness and was seen in all the patients who died thus serving as markers of poor prognosis. Finally, vaccination although not fully protective, may afford some benefit as two of the survivors received at least partial immunization while all the patients who died never received any form of preventive coverage.

Apart from supportive measures, treatment options in diphtheria myocarditis are limited. Antitoxin is of proven value in the early stages of the illness, but it has limited action against penetrating toxin or toxin already absorbed into the cell. Hence, it is unlikely to have made much of a difference in our patients as all of them presented at a much later time course of illness. Yet, antitoxin administration to all who are suspected of diphtheria myocarditis is recommended as this is the only specific antidote available and may neutralize any unbound toxin. The role of immunosupressive therapies such as steroids and immunoglobulins are not proven yet\[[@ref20][@ref21]\] and were not used in any of our patients. In a study of 66 patients with diphtheria, steroid therapy did not prevent the occurrence of myocarditis and of neuritis.\[[@ref20]\] A study reported that carnitine showed a significant reduction in incidence of myocarditis and a significant reduction in mortality as compared with controls.\[[@ref22]\]

It is important to remember the preventive measures against diphtheria for the care givers. We provided standard droplet infection prophylaxis to all the suspected diphtheria cases. Moreover, all were given antibiotic prophylaxis with Azithromycin 500 mg once daily or erythromycin 500 mg QID for the duration of contact. All traceable contacts of these patients were advised to get throat cultures done and to watch for symptoms. Close household contacts of these patients were also given prophylactic course of antibiotics.

Limitations {#sec2-4}
-----------

The report pertains to only 6 patients, and the outcome reported here would have a wide confidence interval. The organism was isolated in only 2 children, but the diagnosis was reasonably secure. Mechanical support devices or ECMO was not used in the patients with cardiogenic shock that could influence the outcomes potentially.

CONCLUSIONS {#sec1-3}
===========

Diphtheria myocarditis continues to occur among the poor under vaccinated children and is associated with very high mortality. CHB from diphtheric myocarditis is not uniformly fatal.
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